Objectives: We wished to determine the efficacy of nonnucleoside reverse transcriptase inhibitor (NNRTI)-based regimens in antiretroviral-naive patients commencing highly active antiretroviral therapy (HAART) and to evaluate the effect of calendar year, nucleoside analogue reverse transcriptase inhibitor (NRTI) backbone, sex, and ethnicity on treatment outcome.
INTRODUCTION
It is well known that highly active antiretroviral therapy (HAART) has had considerable beneficial effects in reducing mortality and morbidity in HIV-infected patients. First-line HAART must be effective and durable and must have minimal side effects to have the greatest chance of achieving viral suppression. 1 Nonnucleoside reverse transcriptase inhibitors (NNRTIs) have become increasingly popular as first-line HAART regimens partly because of convenient dosing, low pill burdens, and lack of food restrictions. [2] [3] [4] [5] [6] The demonstrated efficacy of NNRTIs has also played a role in this choice. 4, [7] [8] [9] [10] [11] [12] [13] [14] [15] Riddler et al presented the results of a controlled study (the AIDS Clinical Trials Group 5142 trial) in which 89% of patients commencing efavirenz and 77% lopinavir/ritonavir achieved viral suppression (,50 copies/mL) at 96 weeks (P = 0.003). The time to virological failure was shorter in the lopinavir arm (P = 0.006), but there was no significant difference in treatment limiting toxicity. 12 To date, there has only been one large, randomized, controlled trial, the 2NN study, comparing efavirenz with nevirapine in antiretroviral-naive HIV-infected patients, and this failed to demonstrate noninferiority of nevirapine over efavirenz. [2] [3] Several cohort studies have suggested that efavirenz is more effective than nevirapine. 4, [7] [8] [9] Important confounding factors are calendar year of treatment and nucleoside analogue reverse transcriptase inhibitors (NRTIs) that may explain the differences between cohort studies and the 2NN trial. We have evaluated this in a large prospective cohort of patients.
METHODS
Antiretroviral-naive patients were identified, and information was collected from a large prospective database at the Chelsea and Westminster Hospital, London, United Kingdom. This database contains patient information including demographic details, antiretroviral history [including dates of starting, switching, or stopping antiretroviral therapy (ART)], and clinical events. HIV viral load (VL) and CD4 cell counts recorded at regular intervals corresponding to routine clinical visits are also contained in the database. For the purposes of this study, HIV-1 VL ,500 copies per milliliter (Chiron assay) was the lower limit of detection.
All antiretroviral-naive patients commencing efavirenz or nevirapine with 2 NRTIs who had documented a pretreatment VL .500 copies per milliliter within 6 months of commencing therapy were included. Individuals commencing efavirenz or nevirapine simultaneously, efavirenz or nevirapine, and a protease inhibitor (PI) or those with a pretreatment VL ,500 copies per milliliter were excluded. All baseline characteristics were compared between the 2 groups (efavirenzand nevirapine-containing HAART), and any differences were tested using the x 2 test. The baseline CD4 count and VL parameters were categorized into quartiles. The nonthymidine analogue reverse transcriptase inhibitors [lamivudine (3TC)/abacavir, lamivudine/didanosine (3TC/DDI), tenofovir (TFV)/DDI), TFV/3TC, and TFV/ emtricitabine] have been grouped together due to small numbers.
Data were analyzed using 2 defined events. For virological success, the defined event was achieving HIV-1 VL ,500 copies per milliliter within 6 months of commencing first-line HAART. For those not achieving VL ,500 copies per milliliter, data were censored at discontinuation of therapy or at most recent visit before the end of the study period. A comparison between the 2 treatment groups and the effect of calendar year of commencing HAART, dual-NRTI backbones, sex, and ethnicity were assessed.
Treatment failure was defined as toxicity failure (NNRTI only) or virological failure after 12 weeks of commencing HAART. Virological failure was defined as 2 successive VLs .500 copies per milliliter performed at least 4 weeks apart. Switching from one NRTI backbone to another due to intolerance was not considered treatment failure. Data were censored at stopping first-line HAART for any reason including non-failing regimens or loss to follow-up. For patients who did not fail treatment, the data were censored at the end of the study period.
Kaplan-Meier survival plots were produced for the ''time-to-event'' analysis. Univariate and multivariate Cox proportional hazards regression analyses were used to identify factors associated with the likelihood of virological success or treatment failure. For both events, variables found to be significant (P , 0.15 including baseline VL, NRTI backbone, and year) in the univariate model were used to build the multivariable model. Due to the interaction between the changing patterns of prescribing, the multivariable model was stratified by year, NNRTI and adjusted for the residual or confounding effects of other variables in the model. Only the significant variables have been presented in the multivariable models.
RESULTS
A total of 994 antiretroviral-naive patients were included in the analysis of whom 723 (72.7%) commenced a HAART regimen containing efavirenz and 271 (27.3%) nevirapine. Table 1 summarizes the baseline characteristics of all the patients. There were no significant differences in the 2 treatment groups with respect to the age at starting first-line HAART or ethnicity. The median baseline CD4 count measured 173 3 10 6 per liter (interquartile ratio 89-260 3 10 6 /L), and the median baseline VL was 4.9 log 10 copies per milliliter (interquartile ratio 4.4-5.4 log 10 ). A significantly greater number of females were prescribed nevirapine compared with efavirenz. Patients in the nevirapine treatment group had a significantly lower baseline VL and a higher baseline CD4 count. There was a marked change in the prescription trend of NNRTIs over time, with nevirapine being prescribed less frequently in more recent years. There were also differences in the nucleoside backbone prescribed with nevirapine versus efavirenz ( Table 1) .
Virological Success
The Kaplan-Meier survival plot (Fig. 1) illustrates the time to virological success and demonstrates no significant difference between the 2 treatment groups within 6 months of commencing HAART (P = 0.77). The percentage of patients who achieved virological suppression by our definition (VL , 500 copies/mL) was 71% (514 of 994) for efavirenz-and 72% (195 of 271) for nevirapine-containing HAART.
In the univariable analysis (Table 2) , baseline VL, NRTI backbone, and calendar year of commencing therapy were the only significant independent predictors of virological success. There was a strong difference in calendar year of commencing HAART with improvements in virological success in more recent years.
The multivariable model was adjusted for sex, age, and baseline CD4 count and stratified by year, NNRTI, and baseline VL. We found that the patients who received stavudine (D4T)/3TC had a 52% greater likelihood of virological success [relative hazard (RH) 1.52, 95% confidence interval (CI) 1.17 to 1.97, P = 0.002]. Results for the nonthymidine analogue backbones, which were predominantly driven by the effect of TFV and DDI, were less likely to achieve virological success (RH 0.62, 95% CI 0.48 to 0.80, P , 0.001).
Treatment Failure
A total of 237 of 994 patients (24%) experienced treatment failure. This equated to 166 of 723 in the efavirenz group (23%) and 71 of 271 in the nevirapine group (26%). For the time to treatment failure (unadjusted), we found no difference between patients who commenced either regimen (Fig. 2) .
Calendar year of starting HAART and NRTI backbone were significant predictors of treatment failure in the univariable model (Table 3) . Data for patients who commenced therapy in the year 2004 are censored at the end of the study period (July 2004), and therefore, no observations can be made for these individuals.
Patients commencing nonthymidine analogues seemed to be more likely to experience treatment failure (RH 2.16, 95% CI 1.58 to 2.96, P , 0.001) in the unadjusted analysis. This was however driven by the effect of TFV/DDI, which were significantly associated with treatment failure (RH 6.48, 95% CI 3.81 to 11.0, P , 0.001). In the multivariable model, none of the significant factors in the univariable model were associated with treatment failure (data not presented).
Effect of Sex and Ethnicity
In the unadjusted analysis, females who commenced nevirapine were more likely to achieve virological success (RH 1.46, 95% CI 1.03 to 2.08, P = 0.040). In the multivariable model, however, this association was not replicated (RH 1.39, 95% CI 0.97 to 1.98, P = 0.70). Neither white ethnicity nor black African ethnicity was associated with virological success in the efavirenz (P = 0.279) or nevirapine (P = 0.100) treatment groups (unadjusted analysis).
Similarly, neither sex (efavirenz, P = 0.06; nevirapine, P = 0.38) nor ethnicity (efavirenz, P = 0.550; nevirapine, P = 0.250) was associated with treatment failure (unadjusted analysis).
DISCUSSION
These data demonstrate that efavirenz-and nevirapinecontaining HAART regimens are equivalent in terms of virological success and that the backbone remains a critical determinant. The weaker the NNRTI (or the weaker the PI) the more important the NRTI backbone becomes.
Cohort studies provide the opportunity to study multiple outcomes related to a specific exposure and are also advantageous as they minimize recall bias. They are however potentially subject to the effect of factors (confounding) that may affect the outcome. Second, exposure patterns may change over time, including the pattern of use of different NRTI backbones prescribed as part of first-line HAART. Maintaining high rates of follow-up within cohort studies can be difficult and is unsuitable for studying outcomes where the time between exposure and disease manifestation is long.
In this antiretroviral-experienced cohort, we have shown equivalence between efavirenz-and nevirapine-containing HAART regimens for both the time to virological success and treatment failure. These results are in contrast to other cohort studies, which have suggested that efavirenz is more effective than nevirapine. 4, [7] [8] [9] Although variation in the NRTI backbone decreases power, as does the complexity of comparing antiretrovirals and the conflicting results between registration trials, prospective comparative trials, and cohorts, these data we present suggest that backbone remains a critical determinant.
Data indinavir). It is interesting to note that over time, the results from this cohort are different and may be explained by the effect of calendar year, the choice of backbones prescribed over time, or changes in practice with respect to managing toxicities.
The use of NRTI backbones has evolved over time, and recently, nonthymidine analogues have been the recommended backbone 16, 17 as a result of the toxicities associated with thymidine analogues. [18] [19] [20] [21] [22] The majority of patients (74%) in this cohort were prescribed thymidine analogues [azidothymidine (AZT)/3TC, D4T/3TC, and D4T/DDI], which reflects clinical practice in late 1990s and early 2000s. Although we have shown differences between the nonthymidine analogues as a group, this result must be interpreted with caution due to the small numbers and the effect of TFV/DDI on treatment failure.
The 2NN study failed to show noninferiority between efavirenz versus nevirapine in combination with D4T/3TC. Even though this complements our results, we are cautious about making comparisons given the inherent biases of cohort studies. Second, 2NN patients were prescribed 1 backbone (D4T/3TC), and hence, a comparison between NRTI backbones and their impact on treatment outcome was not evaluated. The only other randomized controlled trial of efavirenz and nevirapine with D4T/DDI as the NRTI backbone reported achieving virological success of 74% with efavirenz compared with 64% with nevirapine. 23 These studies were both in ART-naive individuals, and without making direct comparisons, the different outcomes raised the question whether NRTI backbone is a significant contributory factor.
Murphy et al 24 evaluated the effect of different backbones in patients who received D4T/3TC or D4T/DDI or AZT/3TC with indinavir and showed no significant difference for virological and immunologic responses in treatment-naive patients. More recently, the GILEAD 934 study 25 has demonstrated statistically significant results for achieving and main taining viral suppression with tenofovir/emtricitabine compared with AZT/3TC. The 903 study has also demonstrated favorable results with TDF/3TC and efavirenz compared with D4T/3TC. 26 Fewer studies have been conducted with nevirapine and different backbones. A recent cohort study from Benzie et al 27 of patients commencing twice-daily nevirapine with different NRTI backbones reported that 85% of subjects had a VL ,50 copies per milliliter at week 48, with no statistically significant association with NRTI backbone. Other We found no difference in the time to treatment failure between the 2 regimens (P = 0.584). Keiser et al 7 reported a shorter time to treatment failure and a smaller decrease in plasma HIV-I RNA for patients on nevirapine. Results from the Eurosida 4 cohort favored efavirenz over nevirapine for virological failure in both the unadjusted and adjusted analyses (RH 0.57, 95% CI 0.47 to 0.69, P , 0.0001). The Eurosida cohort however differs from our cohort, in that the majority of patients were treatment experienced having had prior exposure to PIs and NRTIs. As a group, the thymidine and nonthymidine nucleoside analogues were not associated with treatment failure in the multivariable model; however, when we looked at the effect of the dual NRTIs in this study, only TFV/DDI was significantly associated with treatment failure. Several studies have reported this link between treatment failure and TFV/DDI. [30] [31] [32] In the univariable models for both virological success and treatment failure, calendar year of treatment was a significant independent predictor of outcome. Individuals commencing treatment in recent years were more likely to achieve viral suppression by our definition. Conversely, treatment failure was more likely to occur in recent years, and this finding may represent a better approach to managing toxicity and switching therapy early in patients who experienced HAART-related toxicity. Neither sex nor ethnicity was associated with virological success or treatment failure in this cohort. This finding is supported by data from other published trials. [33] [34] [35] In summary, this cohort study of antiretroviral-naive patients commencing first-line HAART showed no significant difference between efavirenz and nevirapine. Our cohort suggests that any difference between the 2 drugs may be explained by the use of different NRTI backbones and the year of commencing therapy. Unlike other cohort studies, this study included only ART-naive patients and eliminates the confounding effects of previous ART. Cohort studies are however difficult to analyze due to inherent biases, and physicians should individualize their choice of drugs for patients, using controlled clinical data.
